Another culture in Lycopersicon esculentum to obtain haploid tissue by Whitwood, Walter Norman
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1-1-1971
Another culture in Lycopersicon esculentum to
obtain haploid tissue
Walter Norman Whitwood
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Horticulture Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Whitwood, Walter Norman, "Another culture in Lycopersicon esculentum to obtain haploid tissue" (1971). Retrospective Theses and
Dissertations. 17389.
https://lib.dr.iastate.edu/rtd/17389
Anther culture in Lycopersicon esculentum 
to obtain haploid tissue 
by 
Walter Norman Whitwood 
A Thesis Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
MASTER OF SCIENCE 
Major Subject: Horticulture 
Signatures have been redacted for privacy 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1971 
ii 
TABLE OF CONTENTS 
INTRODUCTION 
REVIEW OF LITERATURE 
Tissue Cultures and Their Organogenesis 
Tomato Tissue and Organ Culture 
Anther and Pollen Culture 
MATERIALS AND METHODS 
General Procedure 
Developing a Technique 
Media Evaluation 
Growth Regulators 
Enriched Medium 
RESULTS 
Tissue Sterilization and Media Evaluation 
Growth Regulators 
DISCUSSION 
Tissue Culture 
Anther and Pollen Cultures 
SUMMARY 
LITERATURE CITED 
ACKNOWLEDGEMENTS 
APPENDlX: STATISTICAL ANALYSES 
Page 
1 
4 
4 
5 
7 
12 
12 
14 
16 
18 
19 
20 
20 
32 
46 
46 
49 
52 
54 
61 
62 
1 
INTRODUCTION 
Plant breeding programs for sexually propagated crops 
involve selection, crossing, and generally selfing 4-6 
years to obtain homozygous material. If a breeder could 
eliminate the necessity for inbreeding he could decrease 
the time required to release a new variety. 
The location and identification of haploid plants 
would be a practical means for a plant breeder to cir-
cumvent this necessity and thereby shorten his breeding 
program. Kimber and Riley (25) reviewed the distribution 
of haploids and concluded that they were quite widely 
spread. They have been found, at low frequency, in over 
71 species, representative of 39 genera of 16 families. 
Lindstrom (36) found one haploid in a segregated F 2 
population of tomatoes. Cook (11) reported that Morrison 
released the first variety (Marglobe) ever produced using 
the haploid method of breeding. 
Numerous authors have criticized the haploid method 
of breeding because of the high mutation rate and low 
frequency of haploids (35, 43, 58, 64). On the other hand, 
Cook (11) reported that in over 250,000 diploid plants 
obtained from a single haploid there were no significant 
variations in plant types. Lindstrom (37) produced 
diploids and tetraploids from a single haploid line and 
examined their stability in over 2,000 plants during an 
8 year period. He concluded that the tomato genotype was 
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quite stable for such quantitative characters as yield 
and dry weight. 
There have been three methods previously used to 
locate haploid plants; these are: twin seedlings, chemical 
induction and genetic markers. 
The twin seedling technique involves screening 
seedlings for the occurrence of twin embryos. Cytological 
examination of the twin seedlings is used to determine the 
chromosome number. The most common twins are diploid-
diploid, diploid-haploid, and haploid-haploid. The latter 
group rarely survives to maturity. The twin seedlings 
technique has been utilized in tobacco (24, 44} and in 
peppers (7, 10}. Reports generally agree that the fre-
quency of naturally occurring haploids is too low for 
practical use of this technique. 
The use of a chemical to induce haploids was reported 
by Burk and Gerstel (5}. They isolated a sub-haploid 
Nicotiana tabacum plant from a population treated with 
colchicine, but concluded that colchicine was probably 
not the cause of the abnormal plant. Yasiri and Rogers 
(76} attempted to induce haploids in tomatoes and corn 
with toluidine blue. Pollen containing a dominant marker 
gene was mixed with an aqueous solution of toluidine blue 
and crossed to a female parent lacking the dominant marker. 
Seedlings were examined for the absence of the dominant 
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gene, but none were obtained in excess of the normal 
spontaneous rate. 
The use of genetic markers to identify the occurrence 
of haploids was first utilized in corn (8, 9, 22) and 
later in tobacco (4). The technique utilizes a dominant 
marker gene in the male parent and its recessive allele 
in the female. Seedlings lacking the dominant marker 
gene are examined cytologically to determine if they are 
haploid. Thompson (64) criticized the utility of Chase's 
(8, 9) method because the diploids obtained by the haploid 
method were no better than those obtained by inbreeding. 
Furthermore, Chase's technique involved both screening in 
the seedlings condition and cytological examination of 
the seedlings in order to identify haploids. 
The recent developments in anther culture techniques 
in Datura (17, 18, 19), tobacco (3), and rice (45), may 
offer another method of obtaining large quantities of 
haploids. 
The purpose of the research was to investigate the 
application of the anther culture technique as a practical 
means of obtaining haploid tomato plants. 
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REVIEW OF LITERATURE 
Tissue Cultures and Their Organogenesis 
Rechinger in 1893 according to White (74) cultured 
isolated buds, roots and stems of many plants; this was 
probably man's first attempt to culture plant tissue (74). 
Haberlandt in 1902, as reported by White (71), initiated 
the use of small pieces of excised plant tissue but obtained 
no success. Haberlandt, as translated by Steward, Kent, 
and Mapes (60) concluded, "it may be possible to grow in 
this manner artificial embryos from vegetative buds". 
Numerous contributions during the next 30 years (74) made 
it possible for White (70) to obtain unlimited growth in 
tomato root tissue. This earlier contribution also laid 
the foundation for White's (72) obtaining unlimited growth 
of tobacco callus. 
White (73) reported that Nicotiana glauca x Nicotiana 
langsdorfii hybrid when subcultured on a liquid medium 
would differentiate, producing nlimerous buds. Skoog and 
Tsui (55) summarized the work of Zarudnaya who found that 
lowering the pH will also induce buds while, Skoog and Tsui 
(54) obtained similar results with tobacco stem segments 
by increasing phosphate concentration. Skoog and Miller 
(53) added adenine to callus and stem tissue and later 
Miller and Skoog (39) added kinetin to stem segments to 
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obtain shoot differentiation in tobacco cultures. Miller 
(38) pointed out, "kinetin is known to cause bud forma-
tion only in those plant materials with an inherent 
tendency for such formation". Bud initiation has been 
stimulated in vitro, in Daucus carota (60), Cichoriurn 
endivia (69) and Lycopersicon peruvianurn L. (50), to name 
just a few. For more detailed study of shoot and root 
regeneration in vitro a number of review articles are 
available (6, 12, 42, 51, 61). 
There are numerous media available to the researcher 
for culturing plant organs. A number of the early media 
are listed by White (74); while a summary of some later 
media, up to 1~55, are listed by Gautheret (14). A few 
of the current media are: Murashige and Skoog (40), 
Blaydes (2} and Nitsch and Nitsch (48). The basic compo-
sition in common with a majority of media includes in-
organic salts, vitamins, carbon source, phytohormones, 
and distilled water. The basic composition of the media 
has been modified by researchers to stimulate growth of 
various tissues. Reviews of more recent work in plant 
tissue culture nutrition are available (14, 61). 
Tomato Tissue and Organ Culture 
The initial work with tomatoes started with White 
(70); later La Rue (30) cultured different tomato organs 
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on White's medium; and occasionally La Rue (30) obtained 
a shoot and roots, but contamination made it impossible 
to maintain the cultures longer than 14 days. Lee (34) 
compared normal and dwarf alleles in tomato root clones 
and concluded that there may be some difference in the 
auxin metabolism between these root cultures. Lee (32, 
33) compared the growth rate of intact tomato plants to 
the growth of isolated organs cultured on the same medium 
plus sucrose (32) and again on medium using other forms 
of sugar (33). He believed different parts of the plant 
required different media in order to obtain maximum 
growth. Similar results were also reported by Guha and 
Maheshwari (19) comparing the growth of pollen to callus 
and shoot initiation in Datura innoxia. Jansen and Bonner 
(23) reported success in culturing ovaries of L. pimpinel-
lifolium. Nitsch (46) investigated the development of 
tomato ovaries in L. esculentum in vitro at different 
stages of their development. He obtained a number of 
roots from the pedicel when the ovary was attached and 
believed this was due to a large accumulation of auxin in 
the ovary. Whitwood and Robbins (75) reported development 
of callus and roots from excised tomato ovaries. Smith 
(56) utilized embryo culture in an attempt to obtain seed 
from a cross between L. esculentum x L. peruvianum. 
Narayanaswami and Norstog (42) cited the work of Choudhury 
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who used embryo culture to obtain seeds from a hybrid of 
L. esculentum x L. peruvianum. 
The formation of callus and shoots from roots of an 
isolated clone of L. peruvianum was reported by Norton and 
Boll (50}. They cultured root segments on a modified 
Gautheret's medium supplemented with 40 mg/1 of adenine. 
Ball {1) found when shoot apices of Lupinus albus, 
Tropaeolum majus, and L. esculentum were inoculated on a 
variety of substituted media, no growth occurred from the 
latter two species' apices on any of the combinations 
tried. Fukami and Mackinney (13} found that when they 
added pea extract to White's 1943 medium they were able 
to increase the callus growth 33% over callus grown on 
the basic medium. Rogozinska, et al. (52} investigated 
the pea extract and determined it contained a highly 
active cytokinin. Utilizing the pea extract, Ulrich and 
Mackinney (68} compared the growth of different tomato 
mutants on various modifications of a revised Fukami and 
Mackinney medium and proposed a new medium for tomato 
callus growth. 
Anther and Pollen Culture 
According to Tulecke (66}, La Rue indicated the 
possibility of obtaining entire plants from pollen grains. 
La Rue (31} attempted to germinate pollen of 20 species 
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belonging to 13 genera of gymnosperms. The only species 
which showed any sign of development in vitro was Taxus. 
The Taxus pollen produced tissue which consisted of green 
and white undifferentiated elongated "pollen tube" type 
tissue (66). Tulecke (65) succeeded in raising pollen of 
Ginkgo biloba on White's medium plus coconut milk. A 
small number of the pollen grains gave rise to a mass of 
tissue. Microscopic examination of these grains indi-
cated that the tissue developed from the tube cell of the 
pollen. Klein (26) studied the effect of ultraviolet and 
visible radiation on the growth of Ginkgo biloba anther 
tissue. He concluded that ultraviolet light produced a 
suppressive effect on the tissue which was reversed by 
blue or to a lesser extent by red light. Konar (28) 
reported that anthers of Ephedra foliata Boiss, when 
cultured on Reinert's medium, produced callus in as·many 
as 57% of the cultures. Tulecke and Sehgal (67) found 
that Torreya nucifera would also produce callus from the 
pollen grains. In the work cited above, the pollen of 
various gymnosperms have been shown to produce callus, 
but in no case shoots. 
Numerous attempts to culture the pollen of angio-
sperms were reported prior to Guha and Maheshwari's (17) 
first successful culture. Gregory (15, 16) attempted to 
culture pollen of L. esculentum, D. stramonium, and 
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Lilium longiflorum. Pollen of the latter developed to 
a multicellular stage, while in L. esculenturn and D. 
stramonium there was a cessation of growth as soon as 
the anthers were cultured. He concluded that in these 
species pollen development was controlled by a translo-
cated material produced in other regions of the plant. 
Gregory (16} tested this hypothesis by grafting flower 
clusters of one plant onto another and also culturing 
identical clusters in vitro. The grafted ones produced 
normal chromosomal divisions while in the cultured 
flowers there was a cessation of growth. 
Taylor (63} reported when anthers of Tradescantia 
paludosa were cultured in vitro on a modified Bonner's 
medium, consisting of mineral salts, vitamins and casein 
hydrolysate, at zygotene or later stages of meiotic 
prophase, differentiation would stop at the tetrad stage 
of development. Taylor (63} also found that when the 
anthers were cultured on 2% coconut milk and sucrose, a 
comparable amount of growth was possible. Sparrow, Pond 
and Kojan (58} immersed the anthers of Trillium erectum 
on a slide containing different nutrient solutions and 
examined the anthers for degree of plasmolysis during a 
24 hour period. The degree of plasmolysis served as an 
indication of how the pollen would respond in vitro. He 
selected eight combinations of nutrients for the test 
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media and evaluated anther development. They concluded 
that the age of pollen was more important than the media 
for normal pollen development. Up to the middle of the 
1960's no callus or plantlets were ever obtained from the 
angiosperms' pollen cultured (15, 16, 58, 63). In 1964 
Guha and Maheshwari (17) cultured anthers of Datura 
innoxia on a modified Nitsch's medium and obtained callus. 
A year later they reported the irregular dividing cells 
eventually organized themselves into a torpedo-shaped 
structure which resembled a zygotic embryo (18). Cyto-
logical examination of the roots from the plantlets 
confirmed that these plants originated from the pollen 
grains. Konar and Nataraja (29) obtained embryos from 
the anthers of Ranunculus sceleratus, but cytological 
examination revealed that the plantlets originated from 
anther tissue rather than from pollen. 
Bourgin and Nitsch (3) found that excised anthers 
of N. tabacum and N. sylvestris produced visible plantlets 
after 4 weeks in culture on a modified Murashige and Skoog 
(40) medium. Nakata and Tanaka (41) reported similar 
results but obtained fewer plantlets per anther than 
Bourgin and Nitsch (3). Nitsch, Nitsch, and Hamon (49) 
and Nitsch and Nitsch (48) added various growth regulators, 
nucleic acids, and other growth stimuli, in order to in-
duce more plantlets per anther. The addition of this 
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material generally did not affect the total number of 
plantlets significantly. Sutherland and Wicks (62) 
examined the stage of anther development and reported 
that pollen mitosis was the critical point for plantlet 
production. Sutherland and Wicks (62) obtained the 
maximum number of tobacco plantlets per anther when the 
petal length measured between 15 to 20 mm. They estimated 
that in their best slide preparation about 5% of the 
pollen developed to a multicellular stage. 
Kochhar et al. (27) reported that bud initiation in 
haploid tobacco tissue could be stimulated by the addition 
of different chelating agents, but these proved ineffective 
for inducing differentiation in diploid callus. They 
found that by subculturing the haploid callus of tobacco 
it was possible to double its chromosomal number without 
the use of colchicine. 
The only other angiosperm which has shown develop-
ment in vitro was reported by Niizeki and Oono (45). 
They found that rice anthers when cultured on Blaydes 
medium produced callus on a small number of anthers. 
They were able to induce shoot initiation from the callus 
by altering the growth regulators in the medium. 
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MATERIALS AND METHODS 
General Procedure 
Three tomato seeds each of 'New Yorker', 'Heinz 1350', 
and 'Rutgers', were planted in Jiffy-7 peat pellets and 
after germination seedlings were thinned to one per pellet. 
At the second leaf stage, the plants were transplanted to 
4-inch pots and soil filler consisting of a 3:1 ratio of 
soil to peat were added. Plants were fertilized biweekly 
with 20 g/gal of 20-20-20 water soluble fertilizer. Twenty 
plants of each cultivar were grown to anthesis and flowers 
collected during a 4-week period after anthesis. 
Tobacco seeds of N. tabacum cv. 'Corelle double X' 
and N. tabacum cv. 'Coulo', a white flower mutant, were 
sprinkled onto a sterile soil-peat mixture and covered 
with a fine grade of vermiculite. When the cotyledons 
had fully expanded, the seedlings were transplanted to a 
4-inch pot and soil added. The soil fertilization used 
was the same as previously described for tomatoes. Twenty-
five plants of each line were grown to anthesis and flowers 
collected. 
Tomato tissue was excised from seedlings and surface 
sterilized by a 3 minute immersion in 5.75% sodium hypo-
chlorite (NaClO), in the form of a commercial bleach. The 
seedlings were cut into 1 em sections and planted in a 
medium. A modification of this technique was later used. 
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The modification involved surface sterilizing the seeds 
by a 3 minute immersion in 2.75% NaClO followed by 
three rinses in sterilized distilled water. Twenty seeds 
were transferred to a 4 oz. bottle containing 25 ml of 
20 g/1 of sucrose and 8 g/1 of agar, and the screw top 
was replaced loosely. The seedlings were removed from 
the bottle 8-10 days after culturing and the hypocotyls 
excised. 
Stock solutions of the different nutrients were 
prepared to 10 times the final concentrations in the media 
and refrigerated no longer than 1 month. The pH was ad-
justed to 5.5 with lN HCl and lN NaOH before adding agar 
and heating. After the nutrients were added, the media 
were brought to a boil over a continuously stirring hot 
plate. A syringe was used to transfer 10 ml of media 
to a 20 x 150 mm test tube and a foam rubber plug was 
inserted to the mouth of the tube. The tubes were then 
autoclaved at 15 psi for 20 minutes. 
Hypocotyl sections and anthers were sterilized and 
transferred to media in a "microvoid" transfer hood. The 
air filtration system on the hood was started 20 minutes 
prior to use and surface area was rinsed with 0.575% NaClO. 
The flowers were sterilized by dipping them in alcohol and 
immersing them in NaClO for a period of time followed by 
rinse in double-distilled, sterilized water. A sterile 
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scalpel and forceps were used to remove the anthers from 
the flower and to cut the hypocotyl sections. The anthers 
and hypocotyl sections were planted on the media and foam 
rubber plugs were reinserted in the mouths of the steril-
ized test tubes. Tubes were transferred to a culturing 
room where the temperature was maintained at 26°C during 
the day and at 23°c during the night. Light was supplied 
by daylight fluorescent tubes producing about 2000 lu/m2 
outside the test tube. The tubes were held upright in a 
styrofoam sheet and remained in the culture room for a 
period of 4 to 8 weeks depending upon the experiment. 
Developing ~ Technique 
The flowers of tobacco and tomato were collected at 
different stages of development and the cut ends were 
immediately immersed in paraffin to prevent desiccation. 
The flowers were taken to the laboratory and grouped into 
different classifications based on their length and 
maturity. 
Tobacco flowers were placed in different groups based 
on the results of Sutherland and Wicks (56). Tomato 
flowers were grouped according to the following classifi-
cations: 
1. less than 5 mm (flower green) 
2. 6-7 mm (flowers green to yellow) 
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3. 8-9 mm (flower just light yellow) 
4. larger than 10 rom (flower just open) 
s. flowers open and pollen shedding. 
Pedigree records were kept on the response of the anthers. 
The anthers were sterilized by a dip in 70% ethanol followed 
by a 3 minute immersion in 5.75% solution of NaClO and fi-
nally rinsed in sterilized distilled water. The anthers 
were separated aseptically into four equal quarters and 
cultured on Nitsch's (48) medium. Data were taken after 8 
weeks in culture on the presence or absence of plantlets. 
The anthers of 'Corello double X' tobacco and 'Rutgers' 
tomato were excised and exposed to different concentrations 
of alcohol and NaClO for different lengths of time to de-
termine the lowest concentration of sterilants needed. 
The alcohol concentration included 75%, 50%, 25% and 0 
(zero consisted of a dip in distilled water). The NaClO 
ranged in concentrations of 2%, 1% and 0 while the time 
for NaClO exposure was 60 seconds, 30 seconds and a dip. 
One tobacco anther was placed in vitro per tube, while one 
tomato anther was longitudinally dissected into four equal 
parts to make four replications. Both tobacco and tomato 
anthers were cultured on Nitsch's (48) medium. The cultures 
were transferred to the culture chamber and remained there 
6 weeks, after which the presence or absence of contaminants 
and presence or absence of plantlets were evaluated. 
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Media Evaluation 
Four different media were evaluated for the response 
of both tissue and pollen development in vitro. Media in-
vestigated were Nitsch's (48), Murashige and Skoog's (40), 
Ulrich and Mackinney's (68) and White's (74). The hypocotyl 
sections were aseptically dissected into 1 em sections in 
length and cultured on the different media. Fifteen repli-
cations of 'New Yorker' were cultured and data were recorded 
for callus development and number of roots after 6 weeks 
in vitro. 
Pea extract was added to determine what effect it had 
on stimulating growth in Ulrich and Mackinney's medium. 
Frozen "Birdseye" peas (480 g) were blended with 400 ml of 
95% alcohol for 5 minutes and centrifuged at 4000 rpm for 
10 minutes. The supernatant was saved and evaporated under 
a vacuum. The evaporated extract was dissolved in 100 ml of 
water to make the alcohol extract (68). The chloroform in-
soluble extract was prepared by mixing a 100 ml of the 
alcohol extract with an equal volume of chloroform and stir-
ring for 30 minutes. This mixture was centrifuged for 10 
minutes at 2000 rpm, chlorophyll-chloroform mixture dis-
carded and extract evaporated under a vacuum. Water was 
added to the residue after chloroform extraction to equal 
100 ml. A similar quantity of peas was processed through 
the alcohol and chloroform series and the alcohol soluble, 
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chloroform insoluble fraction was evaporated to a caramel 
consistency over a water bath. The caramel was dissolved 
in 100 ml of water to make the extract. The three extracts 
were added to the ~edium in either 5, 10, or 20 ml per 100 
ml. Ten replications of 'New Yorker' hypocotyl sections 
were cultured on each. The tissues' fresh weight was de-
termined after 8 weeks in Vitro. The samples were then 
placed in a dryer at 90°C for 24 hours and dry weights 
were determined. 
Modifications of Murashige and Skoog's medium were 
tried. Sodium nitrate, calcium nitrate, and potassium 
nitrate were substituted for ammonium nitrate in this 
medium. An equal amount of actual nitrogen was added in 
each case. The nitrogen concentration was also examined 
at one-half the actual nitrogen concentration of ammonium 
nitrate to determine if the high amount of sodium, calcium, 
or potassium might be inhibitory to the tissue. 
The following nitrogen rates were used: 
mg/1 mg/1 
NH 4No 3 1650 825 
NaN0 3 3520 1760 
KN0 3 4125 2065.5 
{CaN0 3 ) •
2
4H
2
0 5890 2945 
The presence and absence of molybdenum was also evaluated. 
Tomato root callus when grown in the presence of moly-
bdenum could not utilize manganese {21). Ten replications 
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of 'New Yorker' sections were used. Callus weights were 
recorded at the end of 6 weeks in vitro and fresh and dry 
weights determined. A similar experiment using the same 
nitrogen concentrations as previously outlined was carried 
out for tomato anthers. This experiment consisted of five 
replications of 'New Yorker' anthers and data were recorded 
after 8 weeks on the presence of plantlets. 
Growth Regulators 
Growth regulators in the form of kinetin, 2,4 dichlor-
phenoxyacetic acid (2,4-D), indoleacetic acid (IAA) and pea 
extract were added to Nitsch's and Murashige and Skoog's 
media. The kinetin concentrations were 0, 0.32, and 3.2 
mg/1 while the IAA and 2,4-D concentrations were 0, 0.05, 
0.1, and 0.5 mg/1. One-half of the tubes contained caramel 
pea extract at 5 ml/1. Hypocotyl sections of 'New Yorker' 
were replicated five times and remained in vitro 10 weeks. 
Roots, callus, and shoot formation were recorded at the 
end of the experiment. 
Kinetin and IAA concentrations of 0, lo-4, 10- 3 , 10-2 , 
and 10-1 were added to Nitsch's medium. Ten replications of 
'New Yorker' hypocotyl sections were randomized factorally 
and cultured for 8 weeks. Data were recorded for shoot, 
root, and callus formation. Tomato anthers of 'Heinz 1350' 
were replicated five times and cultured on each of the 
above conce~trations of growth regulators. 
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Kinetin concentrations of 0.01, 0.05, 1, 1.5 mg/1 
and IAA concentrations of 0.05, 0.1, and 0.5 mg/1 were 
examined factorally. Hypocotyl sections of 'New Yorker' 
were cultured at each of the different concentrations of 
IAA and kinetin and replicated ten times. Data were 
recorded for shoot, root, and callus after 8 weeks in 
vitro. The anthers of 'Rutgers' were also cultured at 
each concentration and replicated five times. 
Enriched Medium 
Based on the findings of earlier experiments an 
enriched medium was prepared. The medium consisted of 
Nitsch's basic nutrients· and was supplemented with 100 
ml/1 of alcohol pea extract or caramel pea extract to 
stimulate callusing. Kinetin concentrations of 0.01, 
0.1, 1, 5, 10, and 25 mg/1 were added to stimulate shoot 
development. Hypocotyl sections of 'Heinz 1350', 'New 
Yorker' and anthers of 'New Yorker' and 'Rutgers' were 
cultured. The experiment consisted of five replications 
of each cultivar's anthers and ten replications of hypocotyl 
sections. The anthers and hypocotyl sections were exam-
ined at each of the kinetin and IAA concentrations and 
data recorded for shoot, callus and plantlet production 
after 8 weeks. 
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RESULTS 
Tissue Sterilization and Media: Evaluation 
Data from the sterilization of tobacco and tomato 
flowers and plantlet formation are summarized in Table 1. 
The presence of contamination generally decreased as the 
concentration of alcohol, NaClO, and time exposed to NaClO 
increased. The exposure time to NaClO was better in pre-
venting contamination than either of the concentrations 
of alcohol and NaClO used. Due to the lack of a definite 
trend in these data, a dip in 25% alcohol followed by a 
30 second immersion in 1% sodium hypoclorite was selected 
for the sterilization treatment in further research. 
Tobacco anthers produced plantlets in 7.6% of the 
cultures. The frequency of plantlets in this experiment 
was about 7 times lower than what Nitsch and Nitsch (48} 
reported. The tomato anthers failed to show any signs of 
plantlet formation. No plantlets were obtained from any of 
the anthers cultured at different flower stages (Figure lA}. 
Hypocotyl sections of 'New Yorker' were cultured on 
Ulrich and Mackinney's medium with different pea extracts 
(Figure 2A}. At the end of this period the callus was 
removed and fresh and dry weights recorded. The fresh 
weight (Figure 3} indicates there is a variation in 
response of the tissue to the different extracts. There 
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Table 1. Influence of sterilization of tomato and 
tobacco anthers on contamination and on 
plantlet production. 
No. of Cultures Contaminated (Out of 4) 
Tomatol Tobaccol 
Concentration (l) of 
Time (sec.) Ethanol2 Ethanol2 
in NaClo2 NaClO 75 50 25 0 75 50 25 0 
60 
30 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
1 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
3 
0 
0 
2 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
No. of Anthers with Plantlets (Out of 4) 
Tomatol Tobacco1 
Concentration (%) of 
0 
0 
0 
0 
0 
1 
0 
0 
0 
Time (sec.) Ethanol2 Ethanol2 
0 
0 
0 
0 
0 
1 
1 
1 
1 
in NaC102 NaClO 75 50 25 0 75 50 25 0 
60 
30 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
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lrn tomato, a culture consisted of one-quarter of the 
androecium from one flower per culture tube; in tobacco, a 
culture consisted of one stamen per culture tube. 
2Anthers were all dipped for a second in an ethanol or 
sterilized distilled water as qontrol, then immersed in a 
sodium hypochlorite solution or sterilized distilled water 
for the specified time. 
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Figure lA. The flower stages of 1 Rutgers• tomato which 
were used as an indication of anther maturity. 
Figure lB-D. Effect of different media on the formation 
of plantlets from tomato cultures. 
B. Callus development from the petals of 
1 Heinz 1350 1 cultured on Murashige and 
Skoog•s medium with 1650 mg/1 of potas-
sium nitrate minus molybdenum after 8 
weeks. 
C. Anthers and petals of 1 Rutgers• cultured 
on Nitsch 1 s medium with IAA at 0.05 mg/1 
and kinetin at 1.5 mg/1 after 8 weeks. 
D. Anthers of 1 Rutgers• cultured on an 
enriched medium. The anthers have 
ruptured but reveal no plantlets after 
8 weeks. 
2 3 
A 
,, 
c 
D 
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Figure 2. Influence of media and pea extracts on growth 
of tomato hypocotyl tissue. 
A. 'New Yorker' hypocotyl tissue cultured 
for 8 weeks on Ulrich and Mackinney's 
medium with different pea extracts added. 
Top row: Alcohol extract left to right 
0, SO, 100, 200 ml/1 
Center row: Chloroform extract left to 
right 0, SO, 100, 200 ml/1 
Bottom row: Caramel extract left to 
right 0, SO, 100, 200 ml/1. 
B. 'New Yorker' hypocotyl section cultured 
on White's medium after 8 weeks. 
C. 'New Yorker' hypocotyl section grown on 
Nitsch's (48) medium after 8 weeks. 
D. 'New Yorker' hypocotyl section cultured 
on Murashige and Skoog's medium after 8 
weeks. 
E. 'New Yorker' hypocotyl tissue cultured 
on different nitrogen sources after 8 
weeks. Top row: 182S mg/1 of nitrogen 
plus molybdenum. Left to Right: am-
monium nitrate, sodium nitrate, potas-
sium nitrate, and calcium nitrate. 
Bottom row: 82S mg/1 nitrogen. 
Nitrogen forms used same order as above. 
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Figure 3. Effect of different pea extracts at different 
concentrations on the ·fresh and dry weight of 
'New Yorker' hypocotyl sections cultured 8 
weeks on Ulrich and Mackinney's medium. 
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was a decline in activity when the chlorophyll was removed 
by chloroform extraction. On the other hand, when the 
chloroform insoluble extract was subjected to moderate heat 
for a sufficient period to remove about 90% of the water, 
there was a substantial increase in callus growth. The dry 
weight of the hypocotyl sections (Figure 3) shows a general 
increase in growth when chloroform insoluble extract was 
present. A 400% growth increase occurred in hypocotyl 
sections cultured in the presence of the caramel extract 
compared to those of the chloroform insoluble extract. 
Furthermor~, there was a 100% increase in dry weight when 
the sections were cultured on the caramel extract compared 
to alcohol extract. 
Results indicated that the caramel extract would sub-
stantially increase growth of tomato hypocotyl sections. 
Therefore, this treatment was later used in conjunction with 
growth regulators to induce maximum growth and shoot initia-
tion. 
Hypocotyl sections and anthers of 'New Yorker' were cul-
tured on four different media (Figure 2A, B, C, D). The 
sections cultured on White's and Nitsch's media were similar 
except for the callus formation on the latter. Roots devel-
oped on both media depending upon the concentrations of 
growth regulators used. Tissue cultured on Murashige and 
Skoog's an6 Ulrich and Mackinney's media produced callus but 
the latter medium gave a growth rate twice that of the former. 
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Hypocotyl sections of 'New Yorker' were cultured on 
Murashige and Skoog's medium with the different nitrogen 
forms for a period of 10 weeks (Figure 2E). The tissues 
were removed and fresh and dry weight determined. The 
callus growth (Figure 4) was generally better when the 
lower level of nitrogen was used. 
The presence of molybdenum seemed to be beneficial 
when the sections were grown on both ammonium nitrate and 
potassium nitrate. Hypocotyl sections grown on sodium 
nitrate and calcium nitrate showed greater increase in 
callus weight when cultured on medium without molybdenum. 
The weight of callus grown on the different forms of 
nitrogen at both levels in the presence and absence of 
molybdenum, were almost identical (4780 mg vs. 4808 mg 
respectively). This strongly suggests the inhibitory 
effect of molybdenum may not be a problem when culturing 
hypocotyl sections. 
Standard deviations from the mean showed no differ-
ences between the nitrogen forms (Appendix, Table 4). 
Statistical analysis of the d~ta indicates there are 
significant differences between the nitrogen forms and 
levels (Appendix, Table 5) • 
No plantlets were obtained from tomato anthers 
cultured on medium containing ammonium nitrate, sodium 
nitrate, calcium nitrate or potassium nitrate in the 
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Figure 4. Effect of different forms of nitrogen at 
two concentrations in the presence and 
absence of molybdenum on the weight of 
callus from hypocotyls of 'New Yorker' 
cultured on Murashige and Skoog's medium 
after 8 weeks in vitro. 
Molybdenum 
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presence and absence of molybdenum. Callus development 
occurred from the petals in a number of cases (Figure lB). 
Growth Regulators 
Shoot formation occurred in only a few of the cultures 
when the growth regulators were altered in Nitsch's and 
Murashige and Skoog's media (Figure 5). Callus formation 
(Figure 6) was high in all treatments but the texture of 
the callus differed (Figure 7A). The 2,4-D caused a 
larger number of whiter areas on the callus than did IAA. 
Roots (Figure 8) were more prevalent in Murashige and 
Skoog's medium when IAA and pea extract were present. The 
concentration of IAA and/or 2,4-D had no effect on the 
production of roots compared to controls. 
The low concentrations of IAA and kinetin tested 
stimulated shoot formation (Figure 7B) in 13.1% of the 
cultures (Table 2). The latest occurrence of shoots was 
found when the IAA concentration was 10- 3 mg/1. Callus 
formation showed a greater response when the IAA concen-
tration was low and kinetin high, while root formation was 
just the reverse. 
Higher concentrations of IAA and kinetin (Table 3) 
stimulated shoot formation (Figure 7C) to occur in 12.5% 
of the cultures. Root formation showed a better response 
to IAA and kinetin than did callus formation. 
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Figure 5. Shoot production from 'New Yorker' tomato 
hypocotyl sections after 8 weeks in vitro 
cultured on Nitsch's medium+ and-= pea 
extract versus Murashige and Skoog's 
medium + and - pea extract. Kinetin and 
IAA concentrations at 2 and 3 levels 
respectively. 
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Figure 6. Formation of callus after 8 weeks in Vitro, of 
'New Yorker' tomato hypocotyl sectiOns cultured 
on Nitsch's versus Murashige and Skoog's medium 
at three concentrations of auxin and two con-
centrations of kinetin plus and minus pea 
extracts. 
A. A comparison between Nitsch's and Murashige 
and Skoog's media with IAA concentrations 
of 0.05, 0.1, 0.5 mg/1 and kinetin concen-
trations of 0.32 and 3.2 mg/1 minus pea 
extract. 
B. Same media except caramel pea extract 
added at 5 ml/ 1. 
c. Callus formation examined in the same media 
except 2,4-D substituted for IAA, minus 
pea extract. 
D. Callus formation examined in the same 
media except 2,4-D substituted for IAA 
and pea extract present at 5 ml/1. 
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Figure 7. Response of 'New Yorker' tomato hypocotyl 
sections grown on Nitsch's and Murashige and 
Skoog's media after 8 weeks with different 
concentrations of growth regulators. 
A. Left callus from hypocotyl sections cul-
tured on Murashige and Skoog's medium, 
IAA concentration of 0.1 mg/1. Callus 
on the right cultured on Murashige and 
Skoog's medium containing 2,4-D 0.1 mg/1. 
B. Shoot formation after 9 weeks from 
hypocotyl sections grown on Nitsch's 
medium with IAA concentrations of 10- 3 
mg/1 and kinetin concentration of 10-4 
mg/1. 
c. Massive shoot formation from hypocotyl 
sections grown on Nitsch's medium after 
8 weeks with IAA concentrations of 0.1 
mg/1 and kinetin concentrations of 1.5 
mg/1. 
3 8 
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Figure 8. Root formation from 'New Yorker' tomato hypocotyl 
sections cultured on Nitsch's versus Murashige 
and Skoog's media with 2 concentrations of 
kinetin and 3 concentrations of lAA and 2,4-D 
with and without pea extract after 8 weeks. 
A. Root formation with lAA concentration of 
0.05, 0.1, and 0.5 mg/1 and kinetin con-
centration of 0.32 and 3.2 mg/1 minus pea 
extract. 
B. Same media except caramel pea extract 
present at 5 ml/1. 
c. Root formation with 2,4-D concentration of 
0.05, 0.1, and 0.5 mg/1 and kinetin con-
centration of 0.32 and 3.2 mg/1 minus pea 
extract. 
D. Same media except caramel extract present 
at 5 ml/1. 
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Table 2. Effect of low concentrations of IAA and kinetin on the shoot, root 
and callus formation of 'New Yorker' tomato hypocotyl sections. 
Number of Cultures (Out of 10) Show ins: Moq~hos:enesis 1 
Shoot Formationl Root Formation1 Callus Formation1 
Kinetin IAA m~/1 IAA m~/1 IAA ~g/1 
ms:/1 0 lo-4 10- · 10-2 10-l o lo-4 10- · 1o-2 1o-1 o lo- 4 10- 1a-2 1a-1 ---- -- --- -----
0 0 2 1 2 7 7 9 9 7 8 1 2 1 2 3 
lo-4 1 1 4 2 1 9 10 10 8 8 4 2 2 2 3 
lo-3 1 2 2 1 0 9 7 9 8 10 2 3 2 2 3 ~ I-' 
10-2 1 4 2 1 0 9 10 10 8 9 3 3 3 2 3 
1o-1 0 0 2 2 1 4 5 5 6 5 9 4 7 4 2 
1
observations were made after 8 weeks in vitro. 
Table 3. Effect of different concentrations of IAA and kinetin on shoot, 
root and callus formation of 'New Yorker' tomato hypocotyl 
sections. 
Number of Cultures (Out of 10) Showin2 MorEho2enesis 
Shoot Formation 1 Root Formation1 Callus Formationl 
Kinetin IAA mg/1 IAA mg/1 IAA mg/1 
mg/1 0.05 0.1 0.5 0.05 0.1 0.5 0.05 0.1 0.5 
0.01 0 1 1 3 4 7 6 5 7 
0.05 0 0 0 0 3 5 5 7 8 
1.0 2 1 0 4 5 6 7 7 8 
1.5 2 4 2 1 7 6 4 9 9 
1observations were made after 8 weeks in vitro. 
,1::1. 
I\) 
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Tomato anthers were cultured on each of the different 
kinetin and IAA or 2,4-D ranges tested on hypocotyl 
sections. There were no plantlets or callus observed on 
any of the combinations. If the petals were left on the 
excised anther, they increased in size but did not produce 
callus (Figure 7C). 
Hypocotyl sections cultured on the enriched medium 
(Figure 9) produced callus growth in quantity but failed 
to show any signs of shoot initiation. The alcohol ex-
tract did stimulate root hairs in medium containing up to 
5.0 mg/1 of kinetin, but no hairs were observed in any of 
the treatments containing caramel extract. Some of the 
anthers remained yellow for as long as 4 weeks and others 
ruptured (Figure lC, lD), but in no case did they show 
signs of plantlet formation. 
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Figure 9. Effect of different concentrations of kinetin on growth of 
hypocotyl sections of 'New Yorker' tomato cultured on an 
enriched medium after 8 weeks. 
A. Caramel pea extract added to Nitsch's medium at 100 ml/1 
and kinetin concentrations of (right to left) no kinetin 
or extract, lo-2, lo-1, 0.5, 1, 5, 10, 25 mg/1. 
B. Alcohol pea extract added to Nitsch's medium at 100 ml/1 
and kinetin con~entrations of (right to left) no kinetin 
or extract, 10- , lo-1 , 0.5, 1.5, 5, 10, 25 mg/1. 
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DISCUSSION 
Tissue Culture 
The response of bud formation in diploid tomato 
tissue to kinetin, IAA, and 2,4-D at different levels 
added to different basal media (Figure 5, Table 2 and 3) 
indicated that tomato tissue, at the concentrations tested, 
does not respond to growth regulators as predictably as 
tobacco tissue. 
Media containing 2,4-D produced no buds. Shoot 
formation occurred on media containing IAA (lo- 3 mg/1) 
regardless of the kinetin concentration examined (Table 2). 
In isolated cases, the hypocotyl sections did produce 
massive numbers of shoots (Figure 40). The author believes 
this to be the first case, in tomatoes, of such shoot 
formation from hypocotyl tissue in culture. Although 
there were only a few tubes which contained shoots, it 
does suggest that shoot initiation in tomatoes can be 
regulated if media are adequate and appropriate concen-
trations of growth regulators are present. Though the 
experimental results were somewhat inconclusive, they 
suggest that a relatively high kinetin and a low IAA con-
centration favor bud formation, as in tobacco (39). 
The range of growth regulators affected the ratio 
of roots (Table 2 and 3) and callus formation; at 10-1 
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mg/1 of kinetin there were half the number of roots as 
compared to 10-2 mg/1 of kinetin. Callus formation also 
showed a positive correlation to kinetin at the concen-
trations examined. 
Callus growth of tomato hypocotyl sections was 
stimulated by the addition of pea extract (Figure 3). 
Rogozinska et al. (52) found pea extract to be less 
active than kinetin in promoting growth of tobacco callus 
tissue. Fukarni and Mackinney (13) reported pea extract 
to be more active than kinetin in stimulating callus 
growth from certain tomato mutants. This suggests the 
active portion of the extract has different effects on 
related genera. 
Rogozinska et al. (52) found that by mixing the 
extract with chloroform, 2/3 of the activity was soluble 
in chloroform. In the work reported here (Figure 3), the 
chlorophyll-chloroform fraction was discarded. The 
chloroform insoluble fraction which was added to the basal 
medium may have contained 1/3 of the activity. The de-
crease in activity could account for the lower growth rate 
of the tomato hypocotyls cultured on the chloroform in-
soluble extract (Figure 3). By heating the chloroform 
insoluble extract over a water bath to make the caramel 
extract, the chemical constituents of the former must 
have been altered. The kinetin-like activity of the pea 
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extracts resembled those of known adenine derivatives 
with cytokinin activity (52). The natural cytokinins 
with high activity may have sugar attached (77) and by 
heating the extract, the linkages may be split producing 
a new compound or more activity (77). A variety of other 
changes resulting from heating may also have been respon-
sible for the increase in biological activity. 
Substitution of different nitrogen forms at dif-
ferent concentrations indicates tomato callus grows 
better at 825 mg/1. This is understandable because the 
callus cannot utilize large amounts of nitrogen if it 
does not grow fast. The variation in growth between the 
different forms of nitrogen cannot be determined because 
of the large deviation from the mean. The deviation may 
have been caused by the age of the tissue and its location 
in the original hypocotyls. Each hypocotyl provided 
between 8 to 10 sections. The sections were arbitrarily 
distributed to the test media. The area adjacent to the 
epicotyl contains cells which are actively engaged in 
cell division. The meristematic tissue would be more 
likely to grow faster than mature cells located lower on 
the hypocotyl. 
Hypocotyl tissue cultured on different media gave 
various responses (Figure 2 A, B, C). Tissue cultured 
on Ulrich and Mackinney's medium minus pea extract showed 
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no growth, while tissue cultured on White's medium 
showed only root formation. Tissue cultured on Nitsch's 
and Murashige and Skoog's media developed callus. Callus 
growth on the latter was better but shoot formation oc-
curred only on the former. The higher salt concentration 
in the latter medium could have inhibited shoot formation. 
Anther and Pollen Cultures 
Tomato anthers cultured on different media with 
varying concentrations of growth regulators did not 
develop plantlets as did tobacco (3, 48, 56). The ex-
cised anthers cultured at different stages of development 
showed no response as far as plant production was con-
cerned. The ideal stage of excision cannot be determined 
until a sufficient medium is developed. Sparrow (57) 
found the stages of mitosis in wheat pollen to be more 
important than the media, but he had screened the media 
previously. 
Gregory (15, 16) reported a cessation of growth in 
tomato pollen as soon as culturing began. Microscopic 
examination of a few anthers at excision and after being 
cultured on Nitsch's medium indicated that the pollen 
mother cell does progress through mitosis to ultimately 
form pollen grains. Furthermore, the recent successes in 
tobacco (3, 48) Datura (17, 18) and rice (45) indicate 
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that at least in these cases, the environmental conditions 
necessary for pollen differentiation can be created 
artifically and do not require a translocated material 
furnished by the plant for division to occur (16). 
The problem of plantlet production from the pollen 
grains is closely associated with the work on single cell 
culture (60, 69). In single cell culture, the influence 
of adjacent cells is eliminated, thus relieving any supres-
sive effect. This allows a cell to obtain its maximum 
growth, providing the medium is sufficient to support its 
growth and development (60). The pollen grains are 
already single cells. By culturing them on an adequate 
medium while they are still meristematically active, they 
could divide and produce callus and/or plantlets. 
Caramel pea extract, a growth promoting substance, 
was designed to furnish the stimuli necessary for maximum 
cellular growth. Kinetin, at higher concentrations, was 
hoped to stimulate shoot formation and growth (SO). 
Although earlier investigation with kinetin proved neg-
ative, Guha and Maheshwari (19) found that in some cases 
what inhibited shoot formation in diploid tissue stimu-
lated pollen development. The tomato anthers did respond 
favorably by remaining alive for a longer period but 
failed to show signs of plantlet formation. 
Failure of existing media to produce a desirable 
response for certain plant organs may be due to the lack 
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of knowledge in this area. The success with tobacco 
anthers by Nitsch and Nitsch (48) can largely be attribu-
ted to the medium of Murashige and Skoog (40). The lack 
of success with tomato pollen probably can be attributed 
to the lack of a properly defined medium. 
Research reported in this thesis adds the following 
information: 1) Caramel pea extract was 100% more effective 
than alcohol extract in stimulating callus development 
from hypocotyl tissue~ 2) Nitsch's medium appears to be 
the best basal medium for shoot formation; 3) shoot for-
mation from tomato tissue can be stimulated by kinetin and 
IAA; 4) molybdenum does not seem to affect the growth of 
tomato callus. 
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SUMMARY 
Tomato anthers were excised at different stages of 
development and cultured on defined media but in no case 
were plantlets or callus growth obtained. 
Nitsch's, White's, Murashige and Skoog's and Ulrich 
and Mackinney's media were examined for their potential 
to stimulate growth from tomato hypocotyl sections and 
excised anthers. The latter failed to respond. Based on 
the growth responses of the hypocotyl sections grown on 
Murashige and Skoog's medium, it was evaluated further by 
altering the concentration and kind of nitrogen salts. 
The sections showed more growth when the nitrogen con-
centration was 825 mg/1 instead of 1650 mg/1. Variation 
in tissue weights did not reveal any differences between 
the nitrogen salts. 
The addition of various concentrations of 2,4-D, IAA, 
and kinetin was studied in both Murashige and Skoog's and 
Nitsch's media at first, and later Nitsch's alone. The 
2,4-D slowed the growth rate of the callus in both media, 
while IAA at 10-
3 
mg/1 increased shoot formation. Murashige 
and Skoog's medium showed the better response in callus 
formation while Nitsch's medium showed the better response 
in shoot formation. Pollen cultured on these modified 
media failed to produce plantlets or callus. 
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The alcohol extract and caramel extract added to the 
basal medium of Ulrich and Mackinney at 100 ml/1 produced 
the best callus growth, and Nitsch's medium supplemented 
only with .1 mg/1 IAA and 1.5 mg/1 kinetin showed the best 
shoot formation. Pea extracts plus Nitsch's medium with 
-3 
IAA at 10 mg/1 and different kinetin concentrations 
were evaluated. The higher concentrations of kinetin 
tested (5 to 25 mg/1) were somewhat inhibitory to hypocotyl 
callus growth, and no shoots were formed. The same medium 
was used for anther culture but no plantlets or callus 
growth were obtained. 
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APPENDIX: STATISTICAL ANALYSES 
63 
Table 4. Standard deviations from the mean (low-high) 
for ',New Yorker' tomato cultured on Murashige 
and Skoog's medium with different forms of 
nitrogen at 2 levels + and - molybdenum. 
Molybdenum 
Minus Plus 
Nitrogen Levels 
Highl Lowl Highl Lowl 
KNo 3 24.3-50.0 15.1-91.1 47.8-100.4 15.6-85.8 
NH 4No3 32.7-81.2 41.7-77.0 20.4-81. 8 45.6-99.2 
(CaNo3) 2 ·4H20 24.1-71.1 32. 6-101.0 19.6-60.8 18.0-94.2 
NaNo 3 19.5-102.7 57.2-147.2 14.4-102.4 11.3-128.7 
lHigh = 1650 mg/1; Low = 825 mg/1 
64 
" Table 5. Analysis of variance of 'New Yorker' tomato 
Spu:tce 
Blocks r-1 
Nitrogen 
Level 
Molybdenum 
Nitrogen x 
hypocotyl section cultured on Murashige and 
Skoog's medium with different nitrogen forms 
at 2 levels + or - molybdenum. 
Sum of Mean of 
Square D. F. Square 
9 
112.2 3 37.3 
65.3 1 65.3 
1.1 1 1.1 
Molybdenum 4.5 3 1.1 
Nitrogen x Level 46.6 3 15.5 
Level x Molybdenum 19.0 1 19.0 
Error 119.2 135 .9 
Total 36 7. 9 
F. 
41. 7* 
72.5* 
1.2 
1.2 
17.2* 
21.1* 
